Background/Aims: Upregulation of aldo-keto reductase 1B10 (AKR1B10) through the mitogenic activator protein-1 signaling pathway might promote hepatocarcinogenesis and tumor progression. The goal of this study was to evaluate the prognostic significance of AKR1B10 protein expression in patients with hepatocellular carcinoma after surgery. Methods: A tissue microarray was used to detect the expression level of AKR1B10 protein in tumors from 255 patients with hepatocellular carcinoma who underwent curative hepatectomy. The impact of AKR1B10 expression on the survival of patients was analyzed. The median follow-up period was 119.8 months. Results: High AKR1B10 protein expression was observed in 125 of the 255 patients with hepatocellular carcinoma (49.0%). High AKR1B10 expression was significantly associated with a lack of invasion of the major portal vein (p=0.022), a lack of intrahepatic metastasis (p=0.010), lower the American Joint Committee on Cancer T stage (p=0.016), lower the Barcelona Clinic Liver Cancer stage (p=0.006), and lower α-fetoprotein levels (p=0.020). High AKR1B10 expression was also correlated with a lack of early recurrence (p=0.022). Multivariate analyses of survival revealed that intrahepatic metastases and lower albumin levels were independent predictors of both shorter recurrence-free survival and shorter disease-specific survival. High AKR1B10 expression was an independent predictor of both longer recurrencefree survival (p=0.024) and longer disease-specific survival (p=0.046). Conclusions: High AKR1B10 protein expression might be useful as a marker of a favorable prognosis in patients with hepatocellular carcinoma after curative hepatectomy. (Gut Liver 2014;8:648-654) 
INTRODUCTION
Hepatic resection is a potentially curative treatment for hepatocellular carcinoma (HCC). However, the prognosis remains unsatisfactory as a result of frequent tumor recurrence and metastasis after hepatectomy. 1, 2 It is important to identify the biomarkers that predispose to tumor recurrence or disease-specific death. In recent years, molecular targeted therapy has offered new prospects and attracted a great deal of attention with regard to its use in the standardized treatment of HCC. 3, 4 The aldo-keto reductase 1B10 (AKR1B10) protein belongs to the AKR superfamily, a group of proteins implicated in xenobiotic detoxification, cell growth and proliferation, carcinogenesis, and cancer therapeutics. 5, 6 AKR1B10 mRNA was expressed most abundantly in normal small intestine and colon, and a low level of its mRNA was found in normal liver, thymus, prostate, testis, and skeletal muscle. 7 AKR1B10 was overexpressed in human HCC, nonsmall cell lung carcinoma, and colorectal cancer. [8] [9] [10] In human lung carcinoma cells and colon carcinoma cells, smallinterfering RNA-induced AKR1B10 silencing resulted in carbonyl sensitivity and apoptotic cell death secondary to lipid depletion and mitochondrial dysfunction. 7, 11 Small-interfering RNAmediated knockdown of AKR1B10 inhibited the proliferation of HCC cells and the growth of HCC xenografts transplanted into immunodeficient mice. 12 Mitogenic epidermal growth factor stimulated AKR1B10 expression in HCC cells via activator protein-1 signaling, which might promote HCC development and progression. 13 Recent study showed that positive immunoreactivity for AKR1B10 was found in 77 of the 116 HCC cases (66.4%) which was consistent with the results of the Western blot analysis of frozen tissues. 13 Heringlake et al. 14 reported that high AKR1B10 expression in HCCs was significantly associated with early tumor stage and a better overall survival compared with low AKR1B10 expression. However, the prognostic significance of AKR1B10 protein expression in HCC remains unclear.
In this study, we investigated AKR1B10 protein expression by immunohistochemistry in order to evaluate the prognostic significance of AKR1B10 in 255 HCC patients with long-term follow-up.
MATERIALS AND METHODS

Patients and histopathology
A total of 255 primary HCC tissues were collected from patients who underwent curative hepatectomy at the Samsung Medical Center, Seoul, Korea from July 2000 to May 2006. We defined curative resection as the complete resection of all tumor nodules with clear microscopic resection margins and no residual tumors as indicated by a computed tomography scan 1 month after surgery. This study was approved by the Institutional Review Board of the Samsung Medical Center. The patients' ages ranged from 17 to 76 years with an average of 52.3 years. Chronic hepatitis B virus infection was detected in 195 patients (76.5%) and chronic hepatitis C virus infection in 26 patients (10.2%). No viral marker was recognized in 34 patients (13.3%). None of the patients had received preoperative chemotherapy. Tumor differentiation was defined according to the Edmondson grading system. 15 Microvascular invasion was considered present when at least one or more endothelial cells or the tunica media of the vessel surrounded a neoplastic cell group. Intrahepatic metastasis and multicentric occurrence were defined according to the criteria of the Liver Cancer Study Group of Japan. 16 Briefly, intrahepatic metastasis is defined as: 1) portal vein tumor thrombi or cancer lesions that have putatively proliferated from a tumor thrombus; 2) groups of cancer lesions that are most abundant adjacent to the largest main lesion and decrease in number with distance from the main lesion; or 3) small solitary cancer lesions located adjacent to the largest main lesion and of the same histological type that are definitely smaller than the main tumor and differentiated to the same degree or less differentiated than the main lesion. Multicentric occurrence is defined as: 1) adenomatous hyperplasia or early HCCs that preserve the existing liver architecture; 2) well differentiated HCCs found at the edge of moderately or poorly differentiated cancer tissues; or 3) multiple HCC lesions that cannot be classified as metastasis based on the above criteria. Tumor staging was based on both the American Joint Committee on Cancer (AJCC) staging system 17 and Barcelona Clinic Liver Cancer (BCLC) staging classification. 18 We defined lower AJCC Tstage as stage 1, lower BCLC stage as stage 0 and A, and lower α-fetoprotein level as ≤200 ng/mL. Tumor recurrences detected ≤2 years after tumor removal were regarded as early recurrences, whereas those detected after 2 years were regarded as late recurrences. 19 Recurrent tumors arising from residual tumor cells disseminated in the remnant organ are usually observed within 2 years following surgery. On the other hand, de novo tumors independently of the completely resected primary tumors are observed clinically more than 2 years after surgery. 20 Patients were followed up with assays of serum α-fetoprotein levels and three phase dynamic computed tomography scans every 3 months after surgery. When tumor recurrence was suspected, magnetic resonance imaging was performed to confirm the diagnosis. The follow-up period for recurrence was at least 34 months and the median follow-up period for overall survival was 119.8 months (range, 14 to 151.4 months). Recurrencefree survival (RFS) was defined as the interval between the date of surgery and the date of intrahepatic or extrahepatic recurrence. We chose disease-specific death (HCC-related death) as the clinical endpoint for survival analysis, defined as: 1) tumor occupying more than 80% of the liver; 2) portal venous tumor thrombus proximal to the second bifurcation; 3) obstructive jaundice due to the tumor; 4) distant metastases; or 5) variceal hemorrhage with portal venous tumor thrombus proximal to the first bifurcation. 21 Disease-specific survival (DSS) was defined as the interval between the date of surgery and the date of HCCrelated death. Tumor recurrence was detected in 183 patients (71.8%), early recurrence in 139 patients (54.5%), late recurrence in 44 patients (17.3%), and 100 patients (39.2%) died of HCC. Nineteen of the 119 deaths in this study were due to non-HCC causes. Twelve of the 19 deaths were due to hepatic failure, five due to nonhepatic causes, and two due to unknown causes.
Tissue microarrays and immunohistochemistry
All H&E-stained slides of the surgical specimens were reviewed and the representative tumor areas free from necrosis or hemorrhage were marked in paraffin-embedded blocks. Two tissue cores with a diameter of 2.0 mm were obtained from each block and re-embedded in microarray blocks. As controls, two cores of normal liver tissue from 12 patients with metastatic colonic carcinoma of the liver were included in each microarray block.
Immunohistochemical staining for AKR1B10 was performed as described previously. 22 Antigen retrieval was carried out with 0.01 mol/L citrate buffer (pH 6.0) for 30 minutes in a pressure cooker. The sections were incubated with a primary antibody against AKR1B10 (mouse monoclonal antibody, clone 1A6, 1:800; Abnova Corp., Taipei, Taiwan) for 30 minutes at room temperature. Negative controls were performed by replacing the primary antibody with isotype-matched irrelevant antibody. The positive control (human normal colon) showed cytoplasmic AKR1B10 expression in the crypt epithelial cells. To validate the concordance between tissue microarrays and whole tumor sections, we used immunohistochemistry to detect the expression of AKR1B10 in 40 corresponding whole tumor sections randomly chosen from the 255 cases. AKR1B10 expression was scored according to the proportion of stained tumor cells by two independent pathologists (C.K.P. and S.Y.H.) without any clinical or pathologic information (0, 0%; 1, 1%-25%; 2, 26%-50%; 3, 51%-75%; 4, >75%), and any discrepancies were resolved by consensus. A nearly homogeneous immunostaining was observed without any predominant expression pattern in whole tumor section of HCC, which was consistent with previous report. 13 The immunoreactivity of tumor was graded as low expression (0%-50% stained tumor cells regardless of staining intensity) or high expression (>50% stained tumor cells). Duplicate tissue cores for each tumor showed high levels of homogeneity for proportion of stained cells. When there were differences between duplicate tissue cores, the higher score was taken.
Statistical analysis
For statistical analyses we used IBM SPSS version 18 software (IBM, Armonk, NY, USA). The chi-square test and Fisher exact test were used for comparison of variables. Univariate and multivariate analyses for prediction of tumor recurrence were performed using the logistic regression model. RFS and DSS were analyzed using the Kaplan-Meier method and the differences were compared by the log-rank test. Identification of relevant prognostic factors was performed with univariate and multivariate Cox regression analyses. Variables that were significantly associated with survival in univariate analysis were introduced into multivariate analysis. p-values less than 0.05 were considered statistically significant.
RESULTS
AKR1B10 protein expression in HCC
In normal livers, AKR1B10 protein was detected on the cytoplasm in 0% to 5% of hepatocytes with weak or moderate staining intensity. In HCC, immunoreactivity for AKR1B10 was observed in the cytoplasm of tumor cells with moderate staining intensity. In a few cases nuclear expression was also found. Thirty three HCCs (12.9%) lacked any AKR1B10 expression. High AKR1B10 protein expression was observed in 125 of the 255 HCCs (49.0%) (Fig. 1) . High AKR1B10 expression was significantly associated with no major portal vein invasion (p=0.022), no intrahepatic metastasis (p=0.010), lower AJCC T-stage (p=0.016), lower BCLC stage (p=0.006), and lower α-fetoprotein level (p=0.020). High AKR1B10 expression was correlated with no early recurrence (p=0.022), but not with the late recurrence (p=0.255) ( Table 1 ).
Prediction of early recurrence in HCC
In univariate analyses, early recurrence was significantly associated with larger tumor size (p=0.001), Edmondson grade III (p=0.005), microvascular invasion (p<0.001), major portal vein invasion (p=0.029), intrahepatic metastasis (p<0.001), higher AJCC T-stage (p<0.001), higher BCLC stage (p<0.001), viral etiology (p=0.018), and low AKR1B10 expression (p=0.022). As AJCC T-stage and BCLC stage were associated with vascular invasion, we did not make multiple analyses with these indices to avoid potential bias. In multivariate analyses, intrahepatic metastasis (p<0.001) was independent predictor of early recurrence (Table 2) .
Survival analysis
The RFS and DSS rates for 255 HCC patients were 39.9% and 76.1% at 3 years, 34.7% and 68.6% at 5 years, 28.8% and 63.8% at 7 years, and 27.7% and 57.8% at 9 years, respectively. On univariate analyses, larger tumor size, Edmondson grade III, microvascular invasion, major portal vein invasion, intrahepatic metastasis, higher AJCC T-stage, higher BCLC stage, lower albumin level, and higher α-fetoprotein level showed unfavorable influences on both RFS and DSS. Viral etiology and liver cirrhosis showed unfavorable influences on RFS. High AKR1B10 expression showed a favorable influence on both RFS (p=0.020) and DSS (p=0.007) ( Table 3 ). The 5-year RFS rate of the AKR1B10-high expression group was significantly higher than that of the AKR1B10-low expression group (40.0% vs 27.7%) (Fig. 2A) . The mean RFS of AKR1B10-high expression group and AKR1B10-low expression group were 60.6 and 46.0 months, respectively. The 5-year DSS rate of the AKR1B10-high expression group was significantly higher than that of the AKR1B10-low expression group (76.2% vs 61.3%) (Fig. 2B) . The mean DSS of AKR1B10-high expression group and AKR1B10-low expression group were 111.8 and 93.7 months, respectively.
On multivariate analyses, intrahepatic metastasis and lower albumin level were independent predictors of both shorter RFS and shorter DSS. Liver cirrhosis was an independent predictor of shorter RFS. High AKR1B10 expression was an independent predictor of both longer RFS (p=0.024) and longer DSS (p=0.046). AKR1B10-high expression patients were less likely to suffer from recurrence than AKR1B10-low expression patients (hazard ratio, 0.70) and were less likely to suffer from disease-specific death than AKR1B10-low expression patients (hazard ratio, 0.65) ( Table 4 ).
DISCUSSION
AKR1B10 upregulation was an independent risk factor for HCC development in a matched case-control study.
23 AKR1B10
promotes cancer cell growth and survival by increasing lipid synthesis and eliminating cytotoxic carbonyls. 24 Enhanced lipogenesis is important early event in cancer development, including HCC. 25 In this study, most of the HCC tissues expressed higher levels of AKR1B10 protein than normal liver, with high AKR1B10 expression in 49.0% (125 of 255) of HCCs. High AKR1B10 expression was significantly associated with lower AJCC T-stage and lower BCLC stage, which was consistent with previous reports.
14,26 High AKR1B10 expression was correlated with no early recurrence, but not with the late recurrence. The underlying mechanism on this inverse correlation with tumor stage remains speculative. One possible explanation might be the complicated expression regulation of AKR1B10 at the promoter level. In the AKR1B10 promoter, multiple putative oncogenic and tumor suppressor protein-binding sites were recognized, including cEts-1, C/EBP, and p53. 27 Deregulation or nonspecific switching on/off of certain transcriptional mechanisms, which occurs in more malignant HCC cells, might downregulate the expression of AKR1B10.
To the best of our knowledge, this is the first report to show high AKR1B10 expression as an independent predictor of both longer RFS and longer DSS. In recent studies, high AKR1B10 expression was associated with a better overall survival compared to low expression 14 and patients with AKR1B10-strongly positive HCCs showed a better DSS compared with patients with negative HCCs. 26 These findings indicate that AKR1B10 is a new clinically useful marker for predicting the prognosis of HCC after curative hepatectomy and the results could help clinicians identify patients at low risk of recurrence after surgery. AKR1B10 could be used as an immunohistochemical biomarker to detect patients with a good prognosis.
In conclusion, this study demonstrated that AKR1B10 protein expression in HCC tissues might be a clinically useful predictive marker for good prognosis of HCC after curative hepatectomy in a large number of HCC patients with long-term follow-up. Further studies are warranted for the validation of AKR1B10 as a novel prognostic biomarker in HCCs.
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